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Design of an FRP-Reinforced Concrete Beam System 
for Fire Performance
0RKDPHG.LDUL(OHQL7ULDQWDI\OOLGRX6LOYLDQ*URVX7LP6WUDWIRUG/XNH%LVE\
BRE Centre for Fire Safety Engineering, School of Engineering, The University of Edinburgh, 
7KH.LQJ¶V%XLOGLQJV0D\¿HOG5RDG(+-/8.
ABSTRACT
&RQFUHWHPHPEHUVWKDWDUHUHLQIRUFHGZLWK¿EUHUHLQIRUFHGSRO\PHU)53KDYHPDQ\DGYDQWDJHVRYHUWUDGL-
tional steel reinforcement, such as their lack of corrosion, light weight, and electromagnetic transparency. In 
¿UHKRZHYHUWKHERQGEHWZHHQWKH)53UHLQIRUFHPHQWDQGWKHFRQFUHWHGHJUDGHVGXHWRUHVLQVRIWHQLQJDW
temperatures around its glass transition temperature. As a consequence of this bond degradation, the means 
of force transfer between FRP bar and concrete are lost, and a brittle failure results from the loss of the tension 
reinforcement. This research develops a new arrangement of internal FRP reinforcement that does not rely 
only upon bond for load transfer. Instead of using straight, separate, FRP bars as reinforcement, closed FRP 
loops are utilised as the longitudinal reinforcement. Small-scale tests upon single loops of FRP reinforcement 
are conducted to understand and characterise its behaviour at both ambient and high temperatures. Push-off 
tests are performed in which the ends of reinforcement loops are embedded inside two concrete blocks. These 
tests are used to characterise the reinforcement performance at a variety of temperatures. By contrasting the 
performance of FRP loop reinforced specimens with those containing hooked and straight reinforcing bars, it 
was demonstrated that the closed loop reinforcement could carry load effectively when subjected to elevated 
temperature.
INTRODUCTION
)LEUHUHLQIRUFHGSRO\PHUV)53KDYHEHHQXVHGLQPDQ\FLYLOHQJLQHHULQJDSSOLFDWLRQVZKHUHRUGLQDU\VWHHO
is not suitable due to high corrosive environment or when structure electromagnetic transparency is required 
[1]. One of the principal reasons that FRP internal reinforcement is not more widely used is its potentially poor 
SHUIRUPDQFHLQ¿UHGXHWRWKHORVVRIERQGEHWZHHQ)53DQGFRQFUHWH%RQGSURYLGHVIRUFHWUDQVIHUEHWZHHQ
WKHFRQFUHWHDQGWKH)53EDU)53EDUVDUHPDGHZLWKGLIIHUHQWFRQWDFWVXUIDFHFRQ¿JXUDWLRQVVDQGFRDWHG
braided surfaces, spiral pattern, ribbed surfaces, or indented surfaces [2]. Resin plays a vital role in the me-
FKDQLFDOEHKDYLRXURIWKHVHVXUIDFHFRQ¿JXUDWLRQVDQGLWLVWKXVWKHFULWLFDOFRPSRQHQWLQWKHSHUIRUPDQFHRI
FRP reinforcement at elevated temperature. 
7KH¿EUHVZLWKLQ)53 UHLQIRUFHPHQWFDQ WROHUDWHKLJK WHPSHUDWXUHVDQGFRQWLQXHVXSSRUWLQJ ORDGV IRU LQ-
VWDQFHFDUERQ¿EUH LVYLUWXDOO\XQDIIHFWHGE\ WHPSHUDWXUHXS WR&DQGJODVV¿EUH UHWDLQVPRVWRI LWV
strength up to 600°C. When the temperature of the resin exceeds its JODVVWUDQVLWLRQWHPSHUDWXUHTgKRZ-
ever, its stiffness and strength are greatly reduced, and it becomes viscous due to changes in its molecular 
structure [3]. Consequently the bond surface is unable to transfer shear and bearing stresses between the 
EDUDQGWKHFRQFUHWH>@7KHUHVLQDOVRDOORZVORDGVKDULQJEHWZHHQWKH¿EUHVEXWDERYHWKHJODVVWUDQVLWLRQ
WHPSHUDWXUHWKLVLVORVWOHDGLQJ¿EUHVWREHFRPHRYHUVWUHVVHGDQGHYHQWXDOO\EUHDN>@
Bisby et al. [5] reported that the bond strength of FRP reinforcement at 100-200°C degrades to about 10% of 
LWVDPELHQWWHPSHUDWXUHYDOXH.DW]HWDO>@REVHUYHGVLJQL¿FDQWERQGGHJUDGDWLRQDW&LQSXOORXWWHVWV
on various types of FRP bars conducted at different temperatures, accompanied by softening of the bond 
UHVSRQVHDVWKHWHPSHUDWXUHLQFUHDVHG6DD¿>@REVHUYHGWKDWWKHERQGVWUHQJWKRIWKHWHVWHG)53EDUZDV
reduced by 50% at 125°C. As a consequence, the bond performance at high temperature is a critical aspect in 
the design of a structure incorporating FRP as reinforcement [7].
The resistance of a FRP-reinforced concrete element subjected to elevated temperature can be improved if the 
RUDJHWKH)53EDUVDUHDQFKRUHGDWLQDUHJLRQQRWGLUHFWO\H[SRVHGWR¿UHIRUH[DPSOH1LJURHWDO>@GHP-
RQVWUDWHGWKDWLIWKHEDUVDUHEHQWXSDWWKHHQGRIDPHPEHUJRRGVWUXFWXUDOEHKDYLRXUFDQEHDFKLHYHGLQ¿UH
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RESEARCH SIGNIFICANCE
This research project investigates a new arrangement of FRP internal reinforcement intended to enhance the 
¿UHSHUIRUPDQFHRI)53UHLQIRUFHGFRQFUHWH,QVWHDGRIXVLQJVWUDLJKWVHSDUDWH)53EDUVDQDUUDQJHPHQW
WKDW KDV EHHQ FRSLHG IURP VWHHOUHLQIRUFHG FRQFUHWH GHVLJQ WKH ORQJLWXGLQDO UHLQIRUFHPHQW LVPDGH IURP
FORVHG)53ORRSVZKLFKDUH¿ODPHQWZRXQGIURPORQJFRQWLQXRXV¿EUHV7KLVGHVLJQH[SORLWVWKHIDFWWKDWWKH
)53¿EUHVDUHFDSDEOHRIVXVWDLQLQJDODUJHSURSRUWLRQRIWKHLURULJLQDOVWUHQJWKDWKLJKWHPSHUDWXUHV,WGRHV
not rely only upon bond for load transfer, as load can still be resisted through the loops even if the resin softens. 
This paper presents the results of a series of push off tests that demonstrate that the reinforcement concept 
works at elevated temperatures.
EXPERIMENTAL PROGRAM
Push off tests were performance to investigate the performance of the new design of FRP reinforcement at 
WKUHHGLIIHUHQWWHPSHUDWXUHVDPELHQW§&WKHJODVVWUDQVLWLRQWHPSHUDWXUHRIWKH)53PDWUL[UHVLQDQGDW
an elevated temperature. A total of eighteen specimens were manufactured and tested under static monotonic 
loading. 
Specimen Design
(DFKWHVWVSHFLPHQFRPSULVHGWZRFRQFUHWHEORFNVPPFXEHVZLWKFDUERQ)53&)53UHLQIRUFHPHQW
EULGJLQJEHWZHHQWKHWZREORFNV7KLVLVVLPLODUWRWKHWHVWDUUDQJHPHQWUHFRPPHQGHGE\LQWKH$&,>@DQG
Canadian [10] guidelines to measure the capacity of hooked FRP bars and stirrups. Three different types of 
test specimen were cast, and these are shown in Figure 1.
 *URXS$VSHFLPHQVFRQWDLQHGD¿ODPHQWZRXQGORRSRI&)53
 *URXS%VSHFLPHQVFRQWDLQHGWKHVDPHFORVHGORRSH[FHSWWKDWWKHUHLQIRUFHPHQWZDVFXWDWRQHHQG
making the loop within one of the blocks into two hooked bars.
 *URXS&ZDVWKHFRQYHQWLRQDOUHLQIRUFHPHQWDUUDQJHPHQWRIWZRVWUDLJKWEDUV
Figure 1. Test specimens
Contrasting the performance of FRP loop reinforced specimens with those containing hooked and straight reinforcing bars, allowed the 
UHODWLYHLPSRUWDQFHRIWKHERQGDQG¿EUHFRQWLQXLW\WREHGHPRQVWUDWHG
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The CFRP reinforcement had a square cross-section of 5´5mm and a sand-coated surface; its manufacture 
is described below. The bend radius of the loops was r PPZKLFKZDVJRYHUQHGE\WKHVL]HRIVSHFLPHQ
WKDWFRXOGEHSUDFWLFDOO\KHDWHGLQWKHRYHQJLYLQJDUDWLRRIEHQGUDGLXVRIEDUGLDPHWHURIr/d = 10. Each of 
WKHVSHFLPHQV$%&ZDVGHVLJQHGZLWKWKHVDPHHPEHGPHQWOHQJWKRIPP7RDYRLGVXUIDFHHIIHFWV
WKH¿UVWPPRIWKHUHLQIRUFHPHQWIURPWKHORDGHGVXUIDFHZDVQRWERQGHGWRWKHFRQFUHWHE\ZUDSSLQJLW
with a bond break plastic tape.
Four conventional steel reinforcing bars were also provided between the pairs of concrete blocks; these were 
used to allow the specimens out of the heating oven without damaging the CFRP bars, and they were cut be-
fore the specimens were load tested.
Normal strength concrete with a 28-day strength of 30 MPa and tensile strength of 3.2 MPa was used
FRP Reinforcement Manufacture
&ORVHG)53ORRSVZHUHSURGXFHE\ZUDSSLQJDFRQWLQXRXVFDUERQ¿EUHWRZDURXQGDPRXOG)LJXUH(DFK
ORRSZDVPDGHRIFDUERQWRZVDQGWKHSURSHUWLHVRIWKHVHWRZVDUHVKRZQLQ7DEOH7KHUHVXOWLQJ¿EUH
volume fraction of the 5´5mm cross-section reinforcement was 44%. Fyfe Tyfo-S epoxy resin was used to 
VDWXUDWHWKH¿EUHVWRIRUPWKHPDWUL[RIWKHFRPSRVLWH
7KHVWUDLJKW&)53UHLQIRUFHPHQWZDVPDQXIDFWXUHGLQWKHVDPHPDQQHUDVIRUWKH*URXS$DQG%ORRSV+RZ-
ever, longer loops were made, so that the straight portions of reinforcement could be cut out.
$IWHUGHPRXOGLQJWKHORRSV)LJXUHWKH\ZHUHVDQGFRDWHGXVLQJ¿QHJODVVVDQGERQGHGZLWKHSR[\UHVLQ
)LJXUH$IWHUDQLQLWLDOFXUHSHULRGWKHORRSVZHUHSRVWFXUHGLQDGU\LQJRYHQDW&IRUKRXUV7KH
glass transition temperature of the resulting CFRP was determined as Tg &XVLQJG\QDPLFPHFKDQLFDO
DQDO\VLVDQGEDVHGXSRQWDQG
Figure 2. Filament winding the CFRP loops Figure 3. CFRP loops after de-moulding
7DEOH3URSHUWLHVRI&DUERQ¿EUHWRZV
Fibre type Number of Filaments
Strength 
03D
Young’s modulus
*3D
X-sectional 
DUHDPP2
Elongation 

Filament 
diameter µm
*UD¿O
700WD 12000 4830 234 0.444 2.0 7
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Figure 4. Sand coating a CFRP loop Figure 5. Preparing a specimen for testing after taken out of 
oven
The Test Arrangement
(DFKW\SHRIVSHFLPHQZDVHLWKHU
 WHVWHGXQKHDWHGDPELHQWWHPSHUDWXUH
 heated to the glass transition temperature of the FRP, Tg = 85°C, at which the resin is partially softened; or
 heated to well above the glass transition temperature, Tg = 130°C, at which the resin will be fully viscous 
and not active.
A thermocouple was cast into each specimen to record the temperature on the CFRP reinforcement near the 
FHQWUHRIWKHFRQFUHWHVHH)LJXUHDQGDQHOHFWULFRYHQZDVXVHGWRKHDWWKHVSHFLPHQVWRWKHUHTXLUHG
temperature within the concrete, over a period of 3 hours. The heated specimens were taken out of the oven, 
WKHVWHHOVXSSRUWLQJEDUVZHUHFXWDQGWKHVSHFLPHQVZHUHLPPHGLDWHO\ORDGHGZKLOVWVWLOOKRW)LJXUH
7KHORDGLQJDUUDQJHPHQWZDVDGDSWHGIURPWKH$&,>@DQG&DQDGLDQ>@JXLGHOLQHVWKDWDUHXVHGWRPHDVXUH
the capacity of FRP bent bars and stirrups. The push-off specimens were placed on a low-friction bench adja-
cent the oven, and two 10 tonne hydraulic jacks were inserted between the concrete blocks. Jacking apart the 
FRQFUHWHEORFNVFDXVHVWKHUHLQIRUFHPHQWWREHSXOOHGRXWIURPWKHFRQFUHWH)LJXUHVDQG7KHDSSOLHG
load was measured using an additional jack that reacted against a load cell.
The relative displacement of the two concrete blocks and the pull-out of the CFRP reinforcement form the con-
FUHWHZDVPHDVXUHGXVLQJGLJLWDOLPDJHFRUUHODWLRQ',&7KHVSHFLPHQVZHUHSDLQWHGZLWKDKLJKFRQWUDVW
pattern, and a series of images were captured at 0.2Hz using two high-resolution cameras, placed either side 
RIWKHVSHFLPHQ)LJXUH$EHVSRNH',&DOJRULWKP*HR3,9>@ZDVXVHGWRWUDFNWKHPRYHPHQWRIIRXU
pixel patches in these images, placed on the concrete and CFRP reinforcement on either side of the specimen 
)LJXUH7KHVHSDWFKHVDOORZHGWKH)53H[WHQVLRQDQGVOLSWREHGHWHUPLQHG$SDUWLFXODUDGYDQWDJHRI',&
for these tests was that it can be quickly applied to heated specimens without any need for contact.
                         Figure 6. Test arrangement Figure 7. Position of cameras for DIC analysis

RESULTS AND DISCUSSION
 
Heating
Figure 8 shows a typical heating curve, during heating, and during loading for the reinforcement. The reinforce-
ment temperature within the concrete lagged behind the gas phase temperature, and it took 3 hours to reach 
&'XULQJWKHORDGLQJWHVWWKH&)53WHPSHUDWXUHGURSSHGE\&ZKLFKLVQRWDVLJQL¿FDQWWHPSHUDWXUH
drop.
Figure 8. Temperatures recorded in the CFRP reinforcement and the oven gas phase during heating.
Reinforcement Stiffness
7KHFKDQJHLQGLVWDQFHEHWZHHQWKHSDWFKHVRQWKHIUHHOHQJWKRI&)53UHLQIRUFHPHQWSDWFKHVDQGLQ
)LJXUHZDVXVHGWRFDOFXODWHWKHVWUDLQLQWKHUHLQIRUFHPHQWEHWZHHQWKHEORFNV7KH¿EUHVWUHVVZDVFDOFX-
ODWHGE\GLYLGLQJWKHORDGLQHDFKRIWKHWZRVWLUUXSVE\WKH¿EUHWRZDUHDPP2DQGWKHUHVXOWLQJ
VWUHVVVWUDLQFXUYHIRUWKH*URXS$VSHFLPHQVLVVKRZQLQ)LJXUH7KHVORSHRIWKHOLQHLQ)LJXUHLV
*3DZKLFKLVYHU\FORVHWRWKH<RXQJ¶VPRGXOXVRI*3DJLYHQE\WKHPDQXIDFWXUHU7DEOH7KLVSUR-
YLGHVDFKHFNXSRQWKHH[SHULPHQWDOPHWKRGEXWDOVRFRQ¿UPVWKDWWKHVWLIIQHVVRIWKH&)53LVQRWWHPSHUD-
WXUHGHSHQGHQWEHFDXVHLWLVJRYHUQHGE\WKH¿EUHVDQGQRWDIIHFWHGE\ERQG
)LJXUH6WUHVVVWUDLQUHVSRQVHRIWKH&)53FORVHGORRSV*URXS$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Load – Slip Responses
)LJXUHVDQGVKRZWKHSXOORXWUHVSRQVHORDGVOLSIRUWKHWKUHHJURXSVRIVSHFLPHQV7KHVOLSZDV
FDOFXODWHGDVWKHGLIIHUHQFHLQGLVSODFHPHQWEHWZHHQSDWFKHVDQGLQ)LJXUH$VSDWFKHVDQG
were a short distance away from face of the concrete, the strain in the CFRP reinforcement was used to slightly 
FRUUHFWWKHVOLSUHVXOWVWRWDNHWKLVLQWRDFFRXQW7KHORDGVOLS¿JXUHVDUHPDUNHGZLWKDN1UHIHUHQFHORDG
which is the yield load of a 500 MPa steel bar with the same cross-sectional area of the CFRP reinforcement.
Table 2 lists the failure loads, and the different modes of failure that were observed for all specimens. The 
specimens were sectioned using a diamond saw after the tests to investigate the failure modes, and these are 
illustrated in Figure 13 to 16.
7KHVSHFLPHQVFRQWDLQLQJVWUDLJKWEDUV*URXS&)LJXUHFDUULHGN1DWDPELHQWWHPSHUDWXUHZLWKRQH
RIWKHDPELHQWVSHFLPHQVIDLOLQJE\&)53UXSWXUHLQWKHIUHHH[SRVHGUHLQIRUFHPHQWOHQJWK5XSWXUHLQWKH
IUHHOHQJWKRIWKHUHLQIRUFHPHQWLQGLFDWHVWKDWWKHUHLQIRUFHPHQWZDVVXI¿FLHQWO\ZHOOERQGHGWRWKHFRQFUHWH
for the reinforcement to reach its ultimate capacity. At elevated temperatures, the load capacity was greatly 
reduced, because the reinforcement pulled out of the concrete. This dramatic drop in the load capacity of FRP 
reinforcement due to resin softening is well documented in the literature [1,6,12,13].
)LJXUH/RDGVOLSUHVSRQVHIRU*URXS$VSHFLPHQV 
7KHUHVSRQVHIRU$ZDVQRWFDSWXUHGGXHWRDQHTXLSPHQWIDLOXUH
)LJXUH/RDGVOLSUHVSRQVH*URXS%VSHFLPHQV
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)LJXUH/RDGVOLSUHVSRQVH*URXS&VSHFLPHQV
Table 2. Test results
Temperature Specimen Type Test
Failure load  
N1
Average 
failure load 
N1
Failure mode
Ambient
A
A1 
61.50
Rupture – in free length
A2 56.20 Rupture – in free length
B
B1 58.88
55.31
Rupture – in free length
B2 51.74 Rupture – in free length
C
C1 45.36
47.67
Pull-out
C2  Rupture – in free length
Tg&
A
A3 35.16

Rupture – in free length
A4 42.77 Rupture – in free length
B
B3 12.81
14.01
Pull-out
B4 15.20 Pull-out
C
C3 
16.27
Pull-out
C4 17.44 Pull-out
130°C
A
A5 32.77
32.47
Rupture – within bond area
A6 32.17 Rupture – within bond area
B
B5 8.63
10.26
Pull-out
B6  Pull-out
C
C5 

Pull-out
C6 8.68 Pull-out
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)LJXUH)53UXSWXUHZLWKLQWKHIUHHOHQJWK$DPELHQW )LJXUH)53UXSWXUHZLWKLQWKHERQGHGDUHD$&
)LJXUH3XOORXWRIKRRNHG)53UHLQIRUFHPHQW%& )LJXUH3XOORXWRIVWULDJKW)53UHLQIRUFHPHQW&DPELHQW
7KH*URXS%VSHFLPHQVGLVFRQWLQXRXV ORRSVRUKRRNHGEDUVEHKDYHG LQDVLPLODUPDQQHU WR WKHVWUDLJKW
EDUVZLWKOLWWOHGLIIHUHQFHLQWKHSXOORXWORDGVFRPSDUHGWR*URXS&)LJXUHVKRZVSXOORXWRIWKH&)53
around the bent portion within the concrete.
7KH*URXS$VSHFLPHQVZLWKFRPSOHWHORRSVRIUHLQIRUFHPHQWKRZHYHUVXFFHVVIXOO\UHWDLQHGWKHLUVWUHQJWK
capacity at elevated temperature, and failed by reinforcement rupture in all tests. Rupture occurred in the free 
UHLQIRUFHPHQW)LJXUHIRUWKHDPELHQWDQG&VSHFLPHQVEXWRFFXUUHGZLWKLQWKHFRQFUHWHIRU&
)LJXUH7KHVWLIIQHVVRIWKHUHVSRQVHUHGXFHVDVLVWREHH[SHFWHGEHFDXVHRIVRIWHQLQJRIWKHUHVLQ
7KHVXSHULRUHOHYDWHGWHPSHUDWXUHSHUIRUPDQFHRIWKHFRQWLQXRXV¿EUHORRSVFRPSDUHGWRWKHGLVFRQWLQXRXV
ORRSVRUVWUDLJKWEDUVLVVKRZQLQ)LJXUH7KH*URXS$VSHFLPHQVUHWDLQHGRIWKHLUDPELHQWWHPSHUD-
WXUHVWUHQJWKDW&DVWKHFRQWLQXRXV¿EUHZDVDEOHWRFDUU\ORDGGHVSLWHWKHERQGPHFKDQLVPVEHLQJORVW
due to softening of the resin.
153
Figure 17. Strength reduction with temperature
Strength Reduction in a Curved FRP Bar
$&,5>@LQFOXGHVDQHTXDWLRQWRFDOFXODWHWKHUHGXFHGVWUHQJWKRI)53EDUVDWEHQGV

IIE = strength at bent up portion, IIX = ultimate tensile strength, r = bend radius, d = bar diameter
For r / d = 50 / 5 = 10, as used in this study, this equation predicts that the bent portion of the FRP loop will 
EHZHDNHUWKDQWKHVWUDLJKWSRUWLRQRIWKHORRS7KHDFWXDOUHGXFWLRQLQVWUHQJWKREVHUYHGLQWKH*URXS
$VSHFLPHQVDWHOHYDWHGWHPSHUDWXUHZDVKLJKHUUHGXFWLRQDW&,WLVFRQVHTXHQWO\QRWSRVVLEOH
to account for the reduction in strength of these reinforcement loops based upon the bend geometry alone. 
Whilst Imjai et al. [14] have previously observed that the ACI equation can overestimate the bend capacity, 
it must be noted that a bixaxial stress state exists at the bend, where axial load, shear force, and transverse 
ORDGVDFW)XUWKHUPRUHORDGVKDULQJZLOOQRWEHSRVVLEOHEHWZHHQWKH¿EUHVLQWKHORRSDWKLJKWHPSHUDWXUHV
7KH$&,HTXDWLRQGRHVKRZHYHUVXJJHVWWKDWXVLQJDZLGHUDQGÀDWWHUORRSZRXOGDOORZWKHORRSUHLQIRUFH-
ment to carry additional load at high temperature.
CONCLUSIONS
,QWKLVVWXG\DQHZGHVLJQRIFORVHG¿ODPHQWZRXQG&)53ORRSVKDVEHHQSURSRVHG7KHVHZHUHWHVWHGXVLQJ
push-off tests to determine how well the reinforcement performed at elevated temperatures, at and above its 
glass transition temperature, compared to similar specimens that contained straight bars, or CFRP that had 
EHHQFXWWRUHPRYH¿EUHFRQWLQXLW\
$WDPELHQWWHPSHUDWXUHWKH)53UHLQIRUFHPHQWLQDOOEXWRQHVSHFLPHQGHYHORSHGVXI¿FLHQWERQGVWUHVVWR
JLYHIDLOXUHE\UXSWXUHRIWKH)53RXWVLGHWKHFRQFUHWHEORFN7KHEHQH¿WRIWKH&)53ORRSVEHFDPHHYLGHQW
at elevated temperatures. Both straight and hooked reinforcement failed by pull-out at relatively low loads. 
Closed loops, however, retained strength up to three times more than the other specimens, and failed at a 
tensile strength that exceeded that of a steel reinforcing bar. The proposed design takes advantage of the 
IDFWWKDWWKH)53¿EUHVDUHFDSDEOHRIVXVWDLQLQJDODUJHSURSRUWLRQRIWKHLURULJLQDOVWUHQJWKDWUHODWLYHO\KLJK
WHPSHUDWXUHXSWR&IRU&)53:KHQWKHLQWHUORFNDQGIULFWLRQPHFKDQLVPVRIERQGIRUFHWUDQVIHUDUH
ORVWGXHWRVRIWHQLQJRIWKHUHVLQWHQVLOHIRUFHVLQWKHUHLQIRUFHPHQW)53¿EUHVFDQVWLOOEHUHVLVWHGWKURXJK
the loops. This new technology is promising and if developed might allow FRP reinforced concrete to be used 
LQVLWXDWLRQVZKHUHLWV¿UHSHUIRUPDQFHLVLPSRUWDQW,WFRXOGKHOSUHPRYHWKHODVWREVWDFOHWRLWVZLGHVSUHDG
use in buildings.
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